The etiology of Riedel
The detection of thyroid-specific autoantibodies in many patients with IFT (3, 6, 9) , the response of IFT to corticoste- 
Results
Tissue specimens obtained from the anterior neck mass of all 16 patients with IFT revealed the typical histological features of an invasive fibrosclerotic process that extended beyond the thyroid capsule and infiltrated into the surrounding neck musculature (Fig. 1A) . In addition, in all specimens examined, marked infiltration into the fibrous connective tissue and the adjacent strap muscles by mononuclear cells was present (Fig. 1B) . In 11 of 16 specimens, thyroid tissue was largely replaced by collagen fibers and dense connective tissue (Fig. 1C) . In fact, in 12 of 16 specimens, immunostaining for thyroglobulin revealed the presence of only small remnants of residual thyroid tissue (Fig. 1D) .
Immunofluorescent localization of MBP could be categorized as one of four obvious patterns: 1) infiltration by intact eosinophils into connective tissue in the virtual absence of extracellular deposition of MBP (Fig. 2, A and B) , 2) coexistence of tissue infiltration by intact eosinophils as well as extracellular MBP deposition (Fig. 2, C and D) , 3) a punctate pattern of extracellular MBP deposition in proximity to dense collagen bundles and within dense fibrous tissue in the virtual absence of intact eosinophils (Fig. 2E) , and 4) absence of intact eosinophils and presence of a diffuse staining pattern of extracellular MBP deposition within dense connective tissue and adjacent neck musculature, reflecting massive eosinophil degranulation (Fig. 2F) .
Eosinophil infiltration and extracellular MBP deposition were observed in 15 of 16 patients with histologically proven Riedel's invasive fibrous thyroiditis. Infiltration of tissue specimens by intact eosinophils was graded +3 in 5, +2 in 8, +l in 2, and 0 in one instance. Extracellular MBP deposition was graded +3 in 3, +2 in 7, +l in 5, and 0 in one instance. By contrast, no extracellular deposition of MBP was detected in any of the control tissues (0 of 18) derived from 4 patients with Graves' disease, 5 patients with Hashimoto's thyroiditis, 4 patients with euthyroid multinodular goiter, and five normal individuals (each P < 0.0001 compared to IFT specimens). A few scattered eosinophils, present in most thyroid tissue samples (multinodular goiter, Graves', and Hashimoto's specimens) were similarly detected in normal thyroid tissue. Only one Graves' specimen and two Hashimoto's specimens revealed eosinophil numbers slightly greater than those in FIG. 1. Histological sections of thyroid tissue derived from a patient with IFT. Note the invasive nature of the fibrosclerotic process that extends beyond the thyroid capsule and infiltrates into the adjacent neck musculature (A; hematoxylin and eosin stain; original magnification, X80). A higher power view demonstrates marked infiltration of the neck musculature by lymphocytes, macrophages, and eosinophils (B; hematoxylin and eosin stain; original magnification, x 160). C, An isolated thyroid follicle encased by collagen fibers and dense connective tissue infiltrated by mononuclear cells (hematoxylin and eosin stain; original magnification, X240). Immunostaining for thyroglobulin demonstrates a small number of remnant thyroid follicles and the replacement of thyroid tissue by the dense fibrosclerotic process (D; original magnification, X 160). normal thyroid tissues. However, quantitation of eosinophi1 numbers in these specimens produced a score of 0 (P < 0.0001 compared to IFT).
In all but one IFT specimen, infiltration by intact eosinophils was generally most prominent in areas of loose connective tissue and was found throughout the fibrous process (Fig. 3A) . Dense fibrous tissue surrounding mononuclear cell aggregates showed both intact eosinophils and punctate extracellular MBP deposits (Fig. 3B ). In addition, in both the perivascular spaces of numerous blood vessels and within mononuclear cell aggregates, intense staining for intact eosinophils as well as extracellular MBP were noted (Fig. 4, A-D) . Further, in all but one IFT specimen, large numbers of intact eosinophils were detected in areas where the fibrous process was diffusely infiltrated by CD3+/CD45RO+-activated lymphocytes and macrophages. In apparent contrast to this pattern, intact eosinophils and MBP deposits were not detected in the central portion of aggregates populated predominantly by B lymphocytes (data not shown). Further, marked tissue eosinophilia and MBP deposition were present in areas where the fibrous process invaded adjacent structures, namely the striated neck musculature (Fig. 5, A and B) . In these areas, diffuse extracellular MBP deposition was frequently observed, reflecting profound eosinophil degranulation and extensive MBP release into the surrounding tissue (Fig. 6A) . In contrast to the pronounced tissue eosinophilia and MBP deposition in areas affected by the fibrogenic process, the remaining thyroid tissue in all IFT specimens was virtually devoid of both intact eosinophils and extracellular MBP deposits (Fig. 6B) .
Discussion
Tissue eosinophilia and eosinophil degranulation occur in various syndromes associated with fibrosis, such as the toxic oil syndrome, the eosinophilia myalgia syndrome, the hypereosinophilic syndrome, eosinophilic endomyocardial disease, and the nodular sclerosing variant of. Hodgkin's disease (24, 30, 31) . In addition, infiltration with eosinophils has been associated with a variety of immune-mediated conditions, including urticaria (20), allograft rejection (25,261, and orbital pseudotumor (27) . Recently, tissue eosinophilia and eosinophi1 degranulation were reported in the majority of patients with inflammatory fibrosing conditions, including retroper-ET AL. JCE & M . 1996 Vol81 . itoneal fibrosis, sclerosing cholangitis, sclerosing mediastisociated with IFT. Previously, this condition has not been nitis, and pulmonary fibrosis (18). associated with marked eosinophil infiltration as a promiIn this study, we tested the hypothesis that eosinophil nent feature. We found marked infiltration by eosinophils infiltration and eosinophil degranulation, as demonstrated and extracellular deposition of MBP within the fibrosclerotic by the intra-and extracellular localization of MBP, are asprocess in IFT. related best with the presence and extent of inflammatory infiltrates rich in activated T lymphocytes/macrophages and was most marked in perivascular zones and areas with abundant immature connective tissue. Of note, the single patient with IFT and no evidence of tissue eosinophilia or eosinophil degranulation presented clinically with a 4-yr history of a thyroid mass, and histology revealed extensive fibrosis with only minor infiltration by inflammatory cells, suggesting long standing inactive disease.
The distribution of extracellular MBP deposits commonly paralleled that of intact eosinophils. However, these deposits were also found independent of intact eosinophils, particularly in dense connective tissue and areas of fibrous invasion into thyroid and striated muscle tissues. These results together with prior observations (18) suggest that eosinophils migrate into immature connective tissues, presumably in response to chemotactic stimuli (32), degranulate, and release their cationic toxins into the connective tissue. Although MBP was localized in this study, various other eosinophil products are probably also released, including the eosinophil cationic protein, eosinophil peroxidase, and eosinophil-derived neurotoxin (12, 13, 18, (33) (34) (35) . Several recent reports suggest a potential role for eosinophils and MBP in tissue fibrogenesis. Eosinophil extracts are capable of stimulating fibroblast proliferation, and eosinophil-conditioned medium has been shown to be mitogenic for fibroblasts, suggesting that an eosinophil product may directly cause fibrosis (17). In addition, eosinophil-derived neurotoxin appears to be capable of stimulating fibroblast proliferation (36). Furthermore, eosinophils have been shown to stimulate the replication of fibroblasts in vitro (19). Recently, eosinophils have been found to release certain cytokines (37, 38) and to express genes for various cytokines, including transforming growth factor-p, a potent stimulator of fibroblast chemotaxis, proliferation, and synthetic capacities (39). These observations in conjunction with our present data suggest that tissue eosinophilia and eosinophil degranulation may represent an important fibrogenic element in the evolution of IFT. However, the possibility of a secondary epiphenomenon is difficult to exclude and, therefore, must be considered.
IFT is generally considered to be a disease process that originates within the thyroid gland. The striking degree of tissue eosinophilia and eosinophil degranulation that we observed in perivascular areas, in the inflamed loose connective tissue, and in the interstitial connective tissue between striated muscle fibers, with virtual sparing of residual thyroid tissue, appears difficult to reconcile with this view. In fact, our immunostaining results raise the hypothesis that the thyroid gland and adjacent neck structures, although central features of multifocal fibrosis, are secondarily affected during the progression of a systemic fibrogenic process. This view is supported by a recent study showing similar marked tissue eosinophilia and degranulation in retroperitoneal fibrosis and various other fibrous conditions commonly associated with IFI (18). Perhaps, the inflammatory and destructive process in IFT is directed against thyroid connective tissue rather than thyroid epithelial cells and merely represents an extension of a cervical fibrosclerotic process into the thyroid gland. In fact, the perivascular localization of eosinophils and extracellular MBP could indicate an allergic process that involves blood vessels, supporting similar previous suggestions (40, 41 
